Purpose: To introduce a new three-dimensional (3D) endoscope system for vitrectomy. Subjects and methods: We report a single-center, retrospective, consecutive surgical case series of 391 eyes that underwent 25G hybrid vitrectomy. To create 3D endoscopic images, a 3D converter HD-3D-A was connected to a monocular endoscopic system. Results: The 3D endoscope system was successfully used to perform hybrid vitrectomy. No intra-or postoperative complications related to this system were encountered in any of the cases. Conclusion: This 3D endoscope system appears to be a valuable and promising tool for use in vitrectomy.
Introduction
We have previously reported on the efficacy of an ocular endoscope [1] [2] [3] [4] and on the combined use of a wide-angle viewing system and an endoscope, which we call "hybrid vitrectomy". 5, 6 However, since an ocular endoscope can only provide a two-dimensional (2D) view, it is necessary to create an empirical stereoscopic vision during the endoscopy. Recently, Yoshida et al, reported using a novel three-dimensional (3D) image system for transurethral surgery. 7 In our current report, we introduce a 3D ocular endoscope system for use in vitrectomy that utilizes their newly developed 3D converter.
Subjects and methods
This study was approved by the Ethics Committee of the National Hospital Organization Kyoto Medical Center, and all procedures involved adhered to the tenets of the Declaration of Helsinki. Written informed consent for the procedure and participation in our study was provided by all the patients after explaining the surgical procedures.
We report a single-center, retrospective, consecutive surgical case series of 391 eyes that underwent vitrectomy between May 2017 and June 2019. Indications for vitrectomy included rhegmatogenous retinal detachment or proliferative vitreoretinopathy (149 eyes), epiretinal membrane (85 eyes), proliferative diabetic retinopathy (71 eyes), macular hole (49 eyes), vitreous opacity or vitreous hemorrhage (22 eyes), vitreomacular traction syndrome (10 eyes), and luxation of intraocular lens (5 eyes).
Instruments
The Constellation Vision System (Alcon Laboratories, Fort Worth, TX, USA) was used to perform all of the 25G vitrectomy procedures. The NGENUITY 3D visualization system (Alcon Laboratories) was attached to a VISU 210 microscope (Carl Zeiss Meditec, Jena, Germany) and used to observe the surgical procedures ( Figure 1) . Images of the fundus on the NGENUITY 3D visualization system monitor were obtained through either a RESIGHT wide-angle viewing system (Carl Zeiss Meditec) or an ocular endoscope system, or by using both systems.
The 2D endoscopic images of the fundus were obtained through an ocular endoscope system consisting of an HD camera FC-304 (Fiber Tec, Tokyo, Japan), LED light unit FL-301 (Fiber Tec), 25G fiber Previt (Fiber Tec), and image processor FI-302, which can change the size and contrast of the images, and thereby distinguish the honeycomb pattern that forms the images (Fiber Tec).
To create 3D endoscopic images, a 3D converter NOVEL HD-3D-A (Shinko Optical, Tokyo, Japan) was connected to a monocular endoscopic system (Figure 2 ). The processed images were directly sent to a 3D display, which was 26 inches in size and positioned to the front and right of the surgeon at a distance of 1 m (Figure 1 ). Surgical staff wore polarized glasses during the surgical procedures.
Results
In all surgeries, the 3D endoscope system provided natural stereoscopic images of the fundus and was successfully used to perform hybrid vitrectomy. Especially in the manipulation at the peripheral area, including vitreous shaving ( Figure 3A , Video S1), cryopexy (Video S1), laser photocoagulation, or silicone oil removal ( Figure 3B , Video S2), 3D endoscope image was useful and resulted in the enhanced skills in vitrectomy. None of the surgical staff perceived either a time-lag resulting from the 3D processing or double vision in any of the cases. There were no intra-or postoperative complications related to the 3D endoscopic system encountered in any of the cases.
Discussion
Although a wide-angle viewing system makes it possible to observe a panoramic fundus, the image is still quite small. In contrast, when using an endoscope, it is possible to enlarge the image by simply closing in on the retina. However, when closing in on the retina, the observation field will be narrow. Moreover, use of an endoscope makes it possible to observe the peripheral area of the fundus without any scleral indentation. [1] [2] [3] [4] Combining the use of a wide-angle viewing system and an endoscope as a visualization tool for each step of the surgery is referred to as "hybrid vitrectomy", with the end result of a much more efficient procedure.
5,6
The conventional ocular endoscope only provides a 2D view. The 25G ocular endoscope fiber is 0.5 mm in diameter, which is too small for equipping it with two optical axis cameras. The 3D processor used in our current study converts the raw 2D endoscopic image to a pair of images using a computer-based algorithm. When viewing these images, they appear to be from two different points that match the surgeon's convergence angle, 7 which is changeable. Thus, when utilizing this method, it makes it possible to provide real-time 3D endoscopic images. The depth sensation of the image helps the surgeon to more easily, rapidly, stably, and safely perform minute manipulations as compared to when using empirical stereoscopic vision. It could prevent to hit the retina or to make iatrogenic holes, in particular, the situations in which it is necessary to operate on the peripheral retina. We have previously reported that the digital 3D visualization system NGENUITY allows for both wide-angle viewing and endoscopic views on one large monitor at the same time, which can help make the surgeon more comfortable with regard to the ergonomics aspect, in addition to ensuring the hybrid vitrectomy is more efficient and safe. 6 However, at the present time, the endoscopic view on the monitor of NGENUITY is only 2D. In the near future, 3D endoscopic images created by this processor are expected to be integrated into the monitors of NGENUITY, which will allow for safer manipulation and more comfortable conditions for the surgeons, as they will not need to look back and forth between the NGENUITY monitor and the 3D endoscope monitor during procedures.
In conclusion, this novel 3D endoscopic system for use in vitrectomy appears to be a valuable and promising tool.
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